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DESCRIPTION 

PROCESS FOR PRODUCING POLYSILSESQUIOXANE GRAFT POLYMER. 
PRESSURE-SENSITIVE ADHESIVE, AND 
PRESSURE-SENSITIVE ADHESIVE SHEET 

TECHNICAL FIELD 

[0001] The present invention relates to a process for producing a 
polysilsesquioxane graft polymer which includes adding a vinyl compound to a 
polysilsesquioxane compound including an iniferter (imtiator-transfer agent-t^inator) 
group and applying ionizing radiation or heat to the resulting mixture, a 
pressure-sensitive adhesive and a pressure-sensitive adhesive sheet using the resulting 
polysilsesquioxane graft polymer, and a polysilsesquioxane compound including a 
photoiniferter group. 



BACKGROUND ART 

[0002] As a label sheet attached to various members and instruments, a 
pressure-sensitive adhesive sheet having a pressure-sensitive adhesive layer formed by 
applying a pressure-sensitive adhesive to a substrate sheet has been known. 

Such a pressure-sensitive adhesive sheet has been widely used in many 
industrial fields for print label applications, packaging applications, and the like due to 
the convenience of being immediately attached to the target product by merely applying 
pressure. In the production control of automobiles and electronic/electronic products, 
a pressure-sensitive adhesive sheet (label) on which a barcode is printed is attached to 
parts, for example. 

[0003] In the production control of automobiles and electronic/electronic 
products, the parts may be subjected to a heat treatment. Therefore, the label used is 
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required to exhibit heat resistance. 

As such a heat-resistant barcode label, a polyimide film or a polyetherimide film 
has been used. However, since such a film is expensive, the cost of the resulting 
barcode label is increased. A polyethylene terephthalate film or a polyethylene film 
5 generally used as a substrate for a barcode label is inexpensive, but exhibits poor heat 
resistance, 

[0004] In order to solve such a problem, JP-A-2002-275438 proposes a 
heat-resistant label having a print coating layer on one side of a substrate formed by a 
polyethylene naphthalate film and having a heat-resistant pressure-sensitive adhesive 
10 layer exhibiting an adhesion of 0.5 N/25 mm or more at 150°C on the other side of the 
substrate. In JP-A-2002-275438, a rubber-based or acrylic pressure-sensitive adhesive 
or the like is used as the pressure-sensitive adhesive of the heat-resistant 

pressure-sensitive adhesive layer. 

[0005] JP-A-2003-138229 discloses a pressure-sensitive adhesive sheet in which 
15 a heat-sensitive pressure-sensitive adhesive layer including a heat-resistant aqueous 
pressure-sensitive adhesive is formed on at least one side of a substrate sheet. As the 
heat-resistant pressure-sensitive aqueous adhesive, a known aqueous pressure-sensitive 
adhesive containing an acrylic polymer emulsion or rubber-based latex as the major 
component and containing a tackifying resin emulsion is used. 
20 However, tiie pressure-sensitive adhesives used for the pressure-sensitive 

adhesive sheets disclosed in the above documents do not necessarily exhibit sufficient 
heat resistance. Therefore, development of a pressure-sensitive adhesive which 
exhibits fiirther improved heat resistance and adhesion has been demanded. 

[0006] A method of causing a vinyl compound such as styrene to undergo living 
25 radical polymerization by ultraviolet irradiation using a compound including a 
photoiniferter group as an iniferter (initiator) has been known (Polymer Bulletin, 7, 197 
(1982), Polymer Bulletin, 11, 135 (1984), Macromolecules, 27, 5527 (1994), 



2 



Maoromolecules. 31. 5559 (.998), J. Po.y-n. Sci.; Pa« A; Po.^^n. Che... 40. .S85 
(2002) Polymer Jo>m>al, 34. 10, 736 (2002), and Macromolecules, 36, 2990 (2003)). 

[0007] The present invention was achieved in view of *e above-descnbed 
sin^ion of .he related art. An object of *e present invention U to provide a process 
for producing a po.ysilsesqnioxane graft polymer which may be used as a 
pre^ure-sensitive adhesive exhibiting excellent heat resistance and cohesive force, a 
polysilses^uioxane compound including an iniferter group, and a pressure-sensttrve 
aanesive and a pressure-sensitive adhesive sheet using the resulting po.ysilses,uioxane 
graft polymer. 
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DlSCLOSUltE OF THE INVENTION 

100081 The inventors of the present invention have found that a solvent-soluble 
colorless transparent polysilsesquioxane graft polymer can be efSciently obtained due to 
U,e progress of the polymeri^ion reaction by using a polysUsesquioxane compound 
.5 having a ladder-like structure including an iniferter group as an iniferter. adding avinyl 
compound such as acrylamide to the polysilsesquioxane compound, and applyng 
iomzing mdiarion «, the mixture. The inventors of the present invention also have 
found that the resulting polysilsesquioxane graft polymer is useM as a 
pressure-s^siUve adhesive component exhibiting excellent heat resistance and coheswe 
20 force. TT^ese findings have led to the completion of the present invenUon. 

[0009] According to the present invenrton. there is provided a process for 
producing a polysilses,uioxane graft polymer includmg a repeating unit shown by the 
following formula (1) in the molecule, 
[0010] 
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10011] wherein A rep«sen« a liridng group, R" represents a hydrocarbon group »h.ch 
have a substtment. represent a hydrogen atom or an alky, group having 1 «> 18 
5 carbon a«ms. R' represent a polar group or an aryl group which may have a 
substituen.. K' represent a hydrogen a«om. an alkyl group having 1 to 6 carbon a«,ms. 
an ester group, or an acyl group, k'. k^ and ^ individually .^resent arbitrary posttrve 
integers, provided that, when k'. k\ and k' respectively represent two or more, the 
groups shown by the formula: .CH.-C(R=XR')- may be the same or different, and 1, m. 
,„ and n individually represent ^ or an arbitrary positive integer, provided that the case 
where -m=n-0" is excluded, the process comprising applying ionising radiation or heat 
U> a mixhrre including a polysilsesquioxane compound including a repeating unit shown 
by the following formula (2), 
[0012] 
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(2) 
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tOO.3, — A. R'. R^ n. and „ have *e sa.e meanings a. defined ^ve and Q 
^ an inifene. .cup. and a compound shown h, *e « — 
(3). CH.<;(RW (— and R= have fte same meanings as defined above). 

[00141 h> *e process for producing a po.ysiisesquioxane graft po.yn>cr 
.eeording . *e present invention, i. is preferahie .0 app.y ionizing radiation to a 
including ti.e po,ysi,ses,uioxane compound including ti.e repearing un,. shown 
by ti,e formula (2) in which Q is a phoroinifer^ g^up shown hy ti>e foilowmg 
f„r«ula...S^(-S>Z (whe^in Z represent a hydrocarbon group which may have a 
.bstiti^. an alKoxy group, an aryloxy g«>up which may have a substimenr, an ™mo 
^„p which may have a substi^en. or a phenyl group which may have a subsuruem, 
.d tire vh^y. compour>d shown by the formula (3): CH.=C(R^R' (— R and 
have tiie same meanings as defined above). 

[0015] 1. is preferable tira. tire process for producing a polysilses,uioxane graft 
polymer according to the present invention comprise: 

condensing an alKoxysilane compound shown by tite following formula (4^ 

tXCH(RV,Si(OR')3 (whe„in A ^ ^' ^ -^-'"^^ ^ '^""^ , 

^„sentsaha>ogenatom.andR=r.resen,sana,.ylgrouphavi„glto6carbo^^^^^^^^ 

, and an al.oxysi.ane compound shown by tire following formula (5): R S,(OR ), 
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(wherein R' to the same meaning as defined above, and r' represents an alkyl group 
havirig 1 to 6 eaxbon atoms) in an amount of 0 to 100 parts by weight for 1 part by 
weigh, of the alkoxysilane compound shown by the formula (4) in the presence of an 

acid catalyst or a base catalyst; 
5 reacting the resulting polycondensation product with a compound shown by the 

following formula (6): M[SC(=S)-Z]a (wherein Z has the same meaning as defined 
above, M represents an alkali metal atom, an alkaline earth metal atom, or a transition 
metal atom, and a represents the valence of M) to obtain a polysilsesquioxane 
compound including a repeating unit shown by the following formula (2') in the 

10 molecule, 

[0016] 
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15 [0017] wherein A represents a linking group, represents a hydrocarbon group which 
may have a substituent. represents a hydrogen atom, an alkyl group having 1 to 6 
carbon atoms, an ester group, or an acyl group, 1, m, and n individually represent zero or 
an arbitrary positive integer, provided that the case where "m=n=0" is excluded, Z 
represents a hydrocarbon group which may have a substituent, an alkoxy group, an 
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^.„. ^up .a. a s*U.en. . a.,n„ S™up .... .a. a 

applying ionizing radiation to a mix , , „v 

„H and the vinyl compound shown by the fomula (3). 
Dolysilsesquioxane compound and the vmyi r , ^ , 

ToOlS, . the ptoce. .t ptoduch. a polysi,ses,uioxane ^ .^^^ 
to the present invenUon. it is pte.tah.e that the poiys^^uioxane gta« 
.,,.etha,eanumhetavetagemoleculat.eighton.00...2- ^ 

tViP oresent invention, tnere p 
r00191 According to the present 

. -dna a repeating unit shown by the following 

polysilsesquioxane compound compnsing a repeating 

formula (2'), 
[0020] 




(20 
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too.. — A«P-n.sa,in.nggtoup,aWeptesentsahydtocat.on^>.-^^^ 

Ly Le a suhstimen. represents a hydrogen atom, an aU.,. group havin . 6 

^ „™up 1 m and n inavidually represent zero or 

earbon atoms, an ester group, or an acy, group, l.m, _ ^ 

arbitrary positive integer, provided .hat the case where m-n-0 



represents a hydrocarbon group which may have a substituent, an alkoxy group, an 
aryloxy group which may have a substituent, an amino group which may have a 
substituent, or a phenyl group which may have a substituent. 

[0022] According to the present invention, there is provided a pressure-sensitive 
5 adhesive comprising a polysilsesquioxane graft polymer obtained by the process 

according to the present invention. 

According to the present invention, there is provided a pressure-sensitive 
adhesive sheet comprising a substrate sheet, and a pressure-sensitive adhesive layer 
fomied on the substrate sheet and including the pressure-sensitive adhesive according to 
1 0 the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a 'H-NMR spectrum diagram of polysilsesquioxane compounds 

(BzCl-PSQ) obtained in Examples 1 to 9 (1). 
15 FIG. 2 is an IR spectrum diagram of polysilsesquioxane compounds (BzCl-PSQ) 

obtained in Examples 1 to 9 (1). 

FIG. 3 is a ^H-NMR spectrum diagram of polysilsesquioxane compounds 

(Ini-PSQ) obtained in Examples 1 to 9 (2). 

FIG. 4 is an IR spectrum diagram of polysilsesquioxane compounds (Ini-PSQ) 

20 obtained in Examples 1 to 9 (2). 

FIG. 5 is a ^H-NMR spectrum diagram of a polymer 5 obtained in Example 5. 
FIG. 6 is an IR spectrum diagram of the polymer 5 obtained in Example 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 
25 [0024] The present invention is described below in detail in the order of 1) 

process for producing polysilsesquioxane graft polymer, 2) pressure-sensitive adhesive, 
and 3) pressure-sensitive adhesive sheet. 
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[0025] 1) Process for producing polysilsesquioxane graft polymer 

A process for producing a polysilsesquioxane graft polymer according to the 
present invention is a process for producing a polysilsesquioxane graft polymer 
including a repeating unit shown by the formula (1) in the molecule and includes 
applying ionizing radiation or hea, to a mixture including a polysilsesquioxane 
compound including a repeating unit shown by the formula (2) and a vinyl compound 

shown by the formula (3). 

[0026] In the formula (1), A represents a linking group. 

As examples of the linking group, a saturated or unsat^ated alkylene group 
which may have a substituent, an arylene group which may have a substituent. and the 
like can be given. 

[0027] As specific examples of the saturated alkylene group, saturated alkytoe 
groups having 1 to 20 carbon atoms such as a methylene group, ethylene group, 
propylene g«>up, trimethylene group, tetramefhylene group, pentamethylene group, and 
hexamethylene group can be given. As specific examples of the unsamrat^l alkylene 
group, unsanrrated alkylene groups having 2 to 20 carbon atoms such as a vmylene 
group, propenylene group, butenylene group, and pentenylene group can be given. As 
specific examples of the arylene group, an o-phenylene group, m-phenylene group, 
p-phenylene group, and the like can be given. 

(0028] AS examples of the substiwent for the saturated and unsaturated alkylene 
groups, amino groups which may have a substiment such as an amino group, 
methylamino group, and dimethylamino group; a hydroxyl group; a mercapto group; 
amide groups which may have a substituent such as an an>ide group and 
NN-dimethylamino group; a carboxyl group; halogen atoms such as a fluorine atom, 
5 chlorine atom, and bromine atom; alkoxy groups such as a methoxy group and ethoxy 
group; alkylthio groups such as a methylthio group and ethylthio group; alkoxycarbonyl 
groups such as a meti^oxycarbonyl group and ethoxycarbonyl group; and the like can be 
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given. AS examples of the substi«.e„t for the arylene group, a cyano group; a mtro 
group; halogen atoms such as fluorine atom, chlorine atom, and bromine atom; alkoxy 
groups such as a methoxy group and ethoxy group; alkylthio ^oups such as a 
memylthio poup and ethylthio group; and the like can be given. The substihten. may 
be bonded to an arbitrary position of the alkylene group or the arylene group. A 
ptaahty of substinrents, either fl-e same or different, may be bonded to the alkylene 

group or the arylene group. 

[0029] In the present invention, A is preferably the saturated or unsaturated 
alkylene group which may have a substituent, still more preferably the samrated 
alkylene group which may have a substib^nt, and particularly preferably the samrated 
alkylene group having 1 to 20 carbon atoms, since a graft polymer exhibiting excellent 
heat resistance and adhesion can be obtained. 

[0030] R' represents a hydrocarbon group which may have a substituent 
AS examples of the hydrocarbon group which may have a substituent 
; represented by R', alkyl groups such as a methyl group, ethyl group, n-propyl group, 
isopropyl group, n-bu,yl group, sec-butyl group, isobutyl group, .-butyl group, n-pentyl 
group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group, and uKlecyl ^up; 
alkenyl groups such as a vinyl group, 1-propenyl group, 2.propenyl group, isopropenyl 
group. 3-bu.enyl group. 4-pen.enyl group, and 5-hexenyl group: alkynyl groups such as 
«, an ethynyl ^up. propargyl group, and butynyl gtoup; aryl groups such as a phenyl 
g„,up, 1 -naphthyl group, and 2-naphthyl group; and the like can be given. 

[0030] As examples of the substituent for the hydrocarbon group represented by 
R- the groups given as examples of the subsUtuent for the alkylene group and the 
arylene group represented by A car. be given. The substi«.ent may be bonded to an 
25 arbitrary position of the hydrocarbon group. A plurality of substiments. either the 
same or different, may be bonded to the hydrocarbon group. 

[0032] R' represents a hydrogen atom or an alkyl group having 1 to 18 carbon 



10 



10 



atoms, such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, t-butyl group, n-pentyl group. r.-hexyl group, n-heptyl group, n-octyl group, 
n-nonyl group, n-decyl group, or n-dodecyl group. 

[0033] K' represents a polar group or an aryl group which may have a 

substituent. 

As examples of the polar group, a carboxyl group; alkoxycarbonyl groups such 
as a methoxycarbonyl group, ethoxycarbonyl group, propoxycarbonyl group, 
isopropoxycarbonyl group, butoxycarbonyl group, and t-butoxycarbonyl group; acyl 
groups such as an acetyl group, propionyl group, and benzoyl group; a cyano group; 
alkoxy groups such as a methoxy group and ethoxy group; alkylsulfonyl groups such as 
a methylsulfonyl group and ethylsulfonyl group; arylsulfonyl groups such as a 
phenylsulfonyl group and p-methylphenylsulfonyl group; and the like can be given. 

[0034] As examples of the aryl group which may have a substituent, a phenyl 
group which may have a substituent such as a phenyl group, 2-chlorophenyl group. 
5 3-chlorophenyl group, 4-chlorophenyl group, 4-methylphenyl group, 4.methoxyphenyl 
group, 4-t-butoxyphenyl group, and 2,4.6-trimethylphenyl group; a naphthyl group 
which may have a substituent such as a 1-naphthyl group and 2-naphthyl group; and the 
like can be given. 

[0035] represents a hydrogen atom, an alkyl group having 1 to 6 carbon 
,0 atoms, an ester group, or an acyl group. As examples of the alkyl group having 1 to 6 
carbon atoms, a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, t-butyl group, n-pentyl group, n-hexyl group, and the like can be given. As 
examples of the ester group, a methoxycarbonyl group, ethoxycarbonyl group, 
propylcarbonyl group, and the like can be given. As examples of the acyl group, an 
25 acetyl group, propionyl group, and the like can be given. 

[0036] 1, m, and n individually represent zero or an arbitrary positive integer. 
Note that the case where "m=n=0" is excluded. 
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k\ k^ and individually represent arbitrary positive integers, provided that, 
when k\ k^ and k^ respectively represent two or more, the groups shown by the 
formula: -CH2-C(r2)(R')- may be the same or different. 

[0037] In the formula (2), R^ R\ A, 1, m, and n have the same meanings as 

defined above. 

Q represents an iniferter group. 

Q may be either a group which can function as a macroinitiator for living radical 
polymerization of the polysilsesquioxane compound upon application of ionizing 
radiation (photoiniferter group) or a group which can function as a macroinitiator for 
living radical polymerization of the polysilsesquioxane compound upon heating 
(thermal iniferter group). It is preferable that Q be the photoiniferter group, and still 
more preferably a group shown by the formula: -S-C(=S)-Z, since a target graft polymer 

can be efficiently obtained. 

[0038] Z represents a hydrocarbon group which may have a substituent, an 
alkoxy group, an aryloxy group which may have a substituent, an amino group which 
may have a substituent, or a phenyl group which may have a substituent. 

[0039] As examples of the hydrocarbon group which may have a substituent, 
alkyl groups such as a methyl group and ethyl group; cycloalkyl groups such as a 
cyclopentyl group and cyclohexyl group; aryl groups such as a phenyl group, 
1-naphthyl group, and 2-naphthyl group; and the like can be given. The substituent for 
the hydrocarbon group is not particularly limited insofar as the substituent is a group 
inert to reactions for producing the polysilsesquioxane graft polymer according to the 
present invention. As examples of the substituent for the hydrocarbon group, halogen 
atoms such as a fluorine atom and chlorine atom (when the hydrocarbon group is an 
alkyl group, cycloalkyl group, or aryl group); alkoxy groups such as a methoxy group 
and ethoxy group; alkyl groups such as a methyl group and ethyl group (when the 
hydrocarbon group is a cycloalkyl group or an aryl group); and the like can be given. 
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[0040] As examples of the alkoxy group, a methoxy group, ethoxy group, 

n-propyl group, and the like can be given. 

As examples of the aryloxy group which may have a substituent, a phenoxy 
group, 2-chlorophenoxy group, 4-chlorophenoxy group, 3-methylphenoxy group, 
5 1-naphthyloxy group, 2-naphthyloxy group, and the like can be given. 

As examples of the amino group which may have a substituent, an amino group, 
dimethylamino group, diethylamino group, methylethylamino group, phenylamino 

group, and the like can be given. 

As examples of the phenyl group which may have a substituent, a phenyl group, 
10 2-methylphenyl group, 3-methylphenyl group, 4-methylphenyl group, and the like can 
be given. 

Of these, the amino group having a substituent is preferable as Z, with a 
dimethylamino group and a diethylamino group being still more preferable, and a 
diethylamino group being particularly preferable. 
,5 [0041] When applying ionizing radiation or heat to the compound having the 

iniferter group (Q) in the molecule (iniferter: la), the iniferter group (Q) dissociates, 
whereby radicals (la*, Q*) are produced. The radical (la*) functions as an initiator 
(macroinitiator) for living radical polymerization, whereby radically polymerizable 
monomers (M.) in the system are rapidly polymerized. When the radically 
20 polymerizable monomers in the reaction system have been completely polymerized, the 
polymer terminal reacts with the radical (Q*) to produce a new iniferter (lb). When 
adding another polymerizable monomer (M^) to the reaction system and applying 
ionizing radiation or heat, the iniferter group (Q) dissociates again, whereby radicals 
(lb*, Q*) are produced. The radical (lb*) functions as an initiator (macroinitiator) for 
25 living radical polymerization, whereby the radically polymerizable monomers (M.) in 
the system are rapidly polymerized. When the radically polymerizable monomers in 
the reaction system have been completely polymerized, the polymer terminal reacts with 
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■ -f^^^r. ( 1 (-i^R the following reaction formula), 
the radical (Q*) to produce a new imferter (1 c) (see the loiio g 

[0042] 



h X 

^ O*" A* + Q* 

(la) (la*) 

A* + xMi ^ A — (Mi)x-Q 

(la*) (lb) 

h X 

(lb) (lb*) 

A — (Mi)x* + yM2 A— (Mi)r-<M2)5r-Q 

(lb*) (ic> 



[0043] A block copolymer having a desired monomer composition and 
n^oleculax weight can be efficiently produced by radically polymerizing different 
radically polymerizable monomers stepwise as described above. 

[0044] The repeating units of the resulting polysilsesquioxane compound (2) 
may be shown by the following formulas (a) to (c). 

The type of repeating unit is not particularly limited insofar as the 
polysilsesquioxane compound (2) includes at least the repeating unit shown by the 
formula (b) and/or the repeating unit shown by the formula (c) in the molecule. When 
the polysilsesquioxane compound (2) is a copolymer including the repeating unit shown 
by the formula (a) and the repeating unit shown by the formula (b), the repeating umt 
shown by the formula (a) and the repeating unit shown by the formula (c), the repeatmg 
unit shown by the formula (b) and the repeating unit shown by the formula (c), or the 
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repeating unit shown by the formula (a), the repeating unit shown by the formula (b), 
and the repeating unit shown by the formula (c), the copolymer may be an arbitrary 
copolycondensation product such as a random copolymer, partial block copolymer, or 
complete block copolymer. 
[0045] 




(a) 





(c) 



[0046] In the present invention, the repeating units shown by the formula (c) 
10 maybebondedinastateinwhichtherepeatingunitsarerotatedbylSO". Forexample, 
the repeating unit shown by the formula (c) may be a repeating unit shown by the 
following formula (d). 
[0047] 
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[0048] In the present invention, it is preferable to use a polysilsesquioxane 
compound including the repeating unit shown by the formula (2') (hereinafter referred 
to as "polysilsesquioxane compound (2'n as the polysilsesquioxane compound (2). 
[0049] The polysilsesquioxane compound (2') may be produced as follows. 
An alkoxysaane compound shown by the formula (4): [XCH(R»Si(OR')3 
(hereinafter referred to as "alkoxysUane compound (4)") and an alkoxysilane compound 
shown by the formula (5): R'SKOR'), (hereinafter referred to as "alkoxysilane 
compomid (5)") in an amount of 0 to 100 parts by weight for 1 part by weight of the 
alkoxysaane compound (4) are condensed in the presence of an acid catalyst or a base 
catalyst. The resulting copolycondensation product is reacted with a compound shown 
by the fomtula (6): MSC(=S)Z to obtain the polysilsesquioxane compound (2-) having a 

ladder-like structure. 

[0050] m the alkoxysilane compound (4), A and in the formula (4) have the 

same meanings as defined above. 

X represents a halogen atom such as a fluorine atom, chlorine atom, or bromine 
atom, and represents an alkyl group having 1 to 6 carbon atoms such as a methyl 
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sec-buty, group. .-b«.y. group. r,-pentyl group. W group, neopen.yl group, or 
n-hexyl group. 

[0051] As specific examples of the alkoxysilane compound (4), 
3 p-chloromethylphenyltrimethoxysilane, p-chloromethylphenyltriethoxysilane, 

p<2-cWoroethyl)phenyltrimethoxysilane, p<2^^^^^^^ 
p-(3.chloropropyl)phenyltrimethoxysilane,p<3-chl^^^^^^^^ 
p-bromomethylphenyltrimethoxysilane, p-b— thylphenyl^^^^^ 

pK2-bromoethyl)phenyltrimethoxysilane, p<2-bromo^^^ 
.0 p-O-bromopropyDphenyltrimethoxysilane, p-(3-bromopropyl)phenyltriethoxysilane. 
[0052]p-chloromethylphenylmethyltrimethoxysilane, 

p-chloromethylphenylmethyltriethoxysilane, 
p-(2-chloroethyl)phenylmethyltrimethoxysilane, 
p-(2-chloroethyl)phenylmethyltriethoxysilane, 
15 p.(3-chloropropyl)phenylmethyltrimethoxysilane, 
p-(3-chloropropyl)phenylmethyltriethoxysilane, 
p-bromomethylphenylmethyltrimethoxysilane. 
p-bromomethylphenylmethyltriethoxysilane, 
p-(2-bromoethyl)phenylmethyltrimethoxysilane, 
20 p-(2-bromoethyl)phenylmethyltriethoxysilane, 

p-(3-bromopropyl)phenylmethyltrimethoxysilane, 
p-(3-bromopropyl)phenylmethyltriethoxysilane, 
2-(p-chloromethylphenyl)ethyltrimethoxysilane, 
2-(p-chloromethylphenyl)ethyltriethoxysilane, 
25 2-(p-chloromethylphenyl)ethyltripropoxysilaiie, 
2-(p-chloromethylphenyl)ethyltributoxysilane, 
2-(p-bromomethylphenyl)ethyltrimethoxysilane, 
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2-(p-bromomethylphenyl)ethyltriethoxysilane, 
2-(p-bromomethylphenyl)ethyltripropoxysilane, 
[0053] 2-(m-chloromethylphenyl)ethyltrimethoxysilane, 
2-(m-chloromethylphenyl)ethyltriethoxysilane, 
; 2-(m-chloromethylphenyl)ethyltripropoxysilane, 
2-(m-chloromethylphenyl)ethyltributoxysilane, 
2-(m-bromomethylphenyl)ethyltrimethoxysilaiie, 
2-(m-bromomethylphenyl)ethyltriethoxysilane, 

2- (m-bromomethylphenyl)ethyltripropoxysilane, 
0 3-(p-chloromethylphenyl)propyltrimethoxysilaiie, 

3- (p-chloromethylphenyl)propyltriethoxysilane, 
3-(p-chloiomethylphenyl)propyltripropoxysilane, 
3-(p-chloromethylphenyl)propyltributoxysilane, 
3-(p-bromomethylphenyl)propyltrimethoxysilane, 

15 3-(p-bromomethylphenyl)propyltriethoxysilaae, 
3-(m-bromomethylphenyl)propyltripropoxysilane, 
3-(m-chloromethylphenyl)propyltrimethoxysilane, 
3-(m-chloromethylphenyl)propyltriethoxysilane, 
3-(m-chloromethylphenyl)propyltripropoxysilane, 

20 3-(m-chloromethylphenyl)propyltributoxysilane, 
3-(m-bromomethylphenyl)propyltrimethoxysilane, 
3-(m-bromomethylphenyl)propyltriethoxysilane, 

3- (m-bromomeihylphenyl)propyltripropoxysilane, 
[0054] 4-(p-chloromethylphenyl)butyltrimethoxysilane, 

25 4-(p-chloromethylphenyl)butyltriethoxysilane, 
4.(p-chloromethylphenyl)butyltripropoxysilane, 

4- (p-chloroinethylphenyl)butyltributoxysilane, 
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4-(p-bromomethylphenyl)butyltrimethoxysilane, 

4-(p-bromomethylphenyl)butyltriethoxysilane, 

4-(p-bromomethylphenyl)butyltripropoxysilane, 

4-(p-bromomethylphenyl)phenyltrimethoxysilane, 

4-(p-broinomethylphenyl)phenyltriethoxysilane, 

4-(p-bromomethylphenyl)phenyltrimethoxysilane, 

4-(p-bromomethylphenyl)phenyltriethoxysilane, 

4-(p-bromomethylphenyl)phenylmethyltrimethoxysilane, 

4-(p-bromomethylphenyl)phenylmethyltriethoxysilane, 

4-(p-bromomethylphenyl)phenyltrimethoxysilane, 

4-(p-bromomethylphenyl)phenylmethyltriethoxysilane, 

2-[4'-(p-bromomethylphenyl)phenyl]ethyltrimethoxysilane, 

2-[4'-(p-bromomethylphenyl)phenyl]ethyltriethoxysilane, 

2.[4'-(p-bromomethylphenyl)phenyl]ethyltriniethoxysilane. 

2-[4'-(p-bromomethylphenyl)phenyl]ethyltriethoxysilane, and combinations of two or 

more of these compounds can be given. 

[0055] In the alkoxysilane compound (5), R' in the formula (5) has the same 
meaning as defined above, and R« represents an alkyl group having 1 to 6 carbon atoms. 
As R*, the groups given as specific examples of can be given. 

[0056] As specific examples of the alkoxysilane compound (5), (substituted) 
phenyltrialkoxysilanes such as phenyltrimethoxysilane, 4-chlorophenyltrimethoxysilane. 
phenyltriethoxysilane, and 2-methoxyphenyltriethoxysilane; alkyltrialkoxysilanes such 
as methyltrimethoxysilane, methyltriethoxysilane. ethyltrimethoxysilane, 
ethyltriethoxysilane, n-propyltrimethoxysilane, and n-propyltriethoxysilane; 
cyanoalkyltrialkoxysilanes such as cyanomethyltrimethoxysilane, 

cyanomethyltriethoxysilane, 2-cyanoethyltrimethoxysilane, 2-cyanoethyltriethoxysilane, 
3-cyanopropyltrimethoxysilane,3-cyanopropyltriethoxysilane, 
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4-cyanobu.yltrimeAoxysilane, and 4-oya„obutyl<riethoxysUa„e; a««.xy 
group^^ontaining silanes such as acetoxymethyltrimethoxysilane. 
ace.oxyme.hyltrie*oxysilar.e. 3.ac=toxypropyltrtaethoxysilane. and 
3.ace«.x,propy.trie*oxys«a„e. combi„a«ons of two or more of *ese compounds; and 

the like can be given. 

[0057, The mixing ra«o of *= aUcoxysilane compound (4) and *e aikoxysilane 
compound (5) may be arbi.ari,y se.. TT-e mixing ratio of .he alkoxysilane compound 
(4) and *e aikoxysilane compound (5, is usually se. in *e range of "alkoxysilane 
compound (4):alkoxysilane compound (5) = 100:0 .o 1 :99" in par.s by weigh.. 

[0058] AS examples of a solven. used for fte reaction be««en .he alkoxysUane 
compound (4) and the alkoxysilane compound (5), axomaUc hydrocarbons such as 
.oluene. and xylene-. es«rs such as me*yl ace.a.e. e*y. aceU.e. propyl ace.a« 
and me*yl propiona«; keU>nes such as accone, me*y, e*yl lceu.ne. me*yl isobury 
kcone and cyc.ohexanone-. alcohols such as me*yl alcohol. e*yl alcohol, n-propy. 
,3 alcohoU isopropy. alcohol, n-bu.yl alcohol. i.obu.y. alcohol, sec.bu.yl alcohol, a^d 
..bu.y. alcohol; wa«r; and *e like can be given. The solven.s may be used e.*er 
individually or in combmation of wo or more. 

[00591 AS examples of *e acid ca.alys.. inorganic acids such as hyd™ch.or,c 
.id and sulfuric acid; and organic acids such as p..o.„enesulfomc acid. 
.„ p..oluenesulfonic acid monohydra.. sulfonic acid. me*anesu.fonic acid. e*anesulfomc 
acid. ace.ic acid, and formic acid can be given. 

[0060] AS examples of ,he base ca.alys., me.al hyd^xides such as sod.um 
hydroxide. po«.sium hydroxide, magnesium hydn>xide. and calcium hydroxide; me.al 
alkoxides such as sodium me*oxide. sodium e^^oxide. po.assium me^oxide. po« 
.-bu.oxide. ma^esium me.hoxide. and magnesium epoxide; primary amines such as 
me*ylami„e. e*ylamine. and bu.yiamine; secondary amines such as die*ylamine and 
dib«.ylamine; .erUary amines such as .rieti^ylamine and diisopropyle*y,amine; 
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nitrogen-containing heterocyclic compounds such as pyridine and 
1.8-diazabicyclo[5.4.0]undec-7-ene (DBU); and the like can be given. 

[0061] The acid catalyst or the base catalyst is used in an amount of usually 
0 001 to 10 wt%, and preferably 0.01 to 5 vvt% of the alkoxysilane compound (4). 

[0062] The reaction temperature is usually in the range fi-om 0«>C to the boiling 
pointofthesolventused,andpreferablyintherangeof40°Cto UO^C. If the reaction 
temperature is too low, the condensation reaction does not sufficiently proceed. If the 
reaction temperature is too high, gelation may not be prevented. T^e reaction is 
usually completed within several minutes to several hours. 

[0063] When reacting the resultmg copolycondensation product with the 
compound shown by the formula (6): M[SC(=S)-Z]a, the polysilsesquioxane compound 
(2') in which the halogen (X) portion of the alkoxysilane compound (4) is replaced with 
the photoiniferter group (-SC(=S)-Z) is obtained. 

[0064] In the formula (6), Z has the same meaning as defined above. 
M represents an alkali metal atom such as lithium, sodium, or potassium; an 
alkaline earth metal atom such as magnesium or calcium; or a transition metal atom 
such as iron, manganese, zinc, or copper. Of these, the alkali metal atom is preferable, 
a represents the valence of M. 

[0065] As specific examples of the compound shown by the formula (6), 
compounds in which M is the alkali metal atom, such as sodium 
dimethyldithiocarbamate and sodium diethyldithiocarbamate; compounds in which M is 
the alkaline earth metal atom, such as magnesium bis(dimethyldithiocarbamate) and 
„.agnesium bis(diethyldithiocarbamate); compounds in which M is the transition metal 
atom, such as copper bis(dimethyldithiocarbamate) and copper 
5 bis(diethyldithiocarbamate); and the like can be given. 

[0066] Of these compounds, the compounds in which M is the alkali metal atom 
are preferable, with sodium dimethyldithiocarbamate and sodium 
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dieftyldifluocarbamate being still more preferable, since these compounds exltibi, high 
reactivity and a polysilsesquioxane g«fl polymer can be efficiently synthesized from 
the resulting polysilsesquioxane compound. 

e0067] The copolycondensation product and the compound sho,™ by the 
5 formula (6): M[SC(-S)-Z]a may be reacted in an inert solvent. 

As examples of the solvent, aromatic hydrocarbons such as benzene, toluene, 
and xylene; aliphatic hydrocarbons such as n-pentane. n-hexane. n-heptane, and 
n-octane; alicyclic hydrocarbons such as cyelopentane, cyclohexane. cydoheptane. and 
cydooctane; cO^ such as dieUtyl ether, diisopropyl ether. 1.2-dimethoxyethane. 
.0 dibutyl ether. te.rahydK>furan. dioxane. anisole, phenyl eti^yl ether, and diphenyl ether, 
hdogenated hydrocarbons such as chlorofom., carbon tetrachloride. 1.2-dichloroethane. 
and chlorobenzene; esters such as ethyl acetate, propyl acetate, butyl acetate, and 
methyl propionate; ketones such as acetone, methyl ethyl ketone, diethyl ketone, methyl 
isobutyl ketone, and cyelohexanone; amides such as NJ4-dime*,lfonnamide. 
,5 NN-dimethylacetamide. and N-methylpyrrolidone; nitriles such as acetonitril. and 
b«,zoni.rile; sulfoxides such as dimethylsulfoxide and sulfolane; and the like can be 
given. The solvents may be used either individually or in combination of two or more. 

[0068] The amomtt of the solvent used is not particulaily limited. The solvent 
is usually us«l in an amount of 1 to 1.000 ml. and preferably 5 to 100 ml for 1 g of the 

20 copolycondensation product. 

[0069] The reaction temperature is not particularly limited. The reaction 
temperature is usually in the range from 0°C to the boiling point of the solvent used, 
preferably 15 to 60°C. and still more preferably room temperature. 

Tl.e reaction time is usually several minutes to several tens of hours, and 

25 preferably 1 to 20 hours. 

After completion of the reaction, a known post-reaction operation is performed 

to obtain the polysilsesquioxane compound (2') used in the present invention. 
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[0070] The polysilsesquioxane compound (2) having a linear repeating unit 
structure called a ladder-like structure can be obtained in this manner. Whether or not 
the reaction product has the ladder-like structure may be confirmed by measuring the 
infrared absorption spectrum or X-ray diffraction of the reaction product, for example. 
; In the present invention, the polysilsesquioxane compound (2') including the 

photoiniferter group at the molecular terminal is particularly preferable as the 
polysilsesquioxane compound (2). 

[0071] The number average molecular weight of the polysilsesquioxane 
eompoond (2) is usually 500 to 30.000, and preferably l.OOO to 20,000. The number 
0 average molecular v^eight may be measured by size exclusion chromatography (SEC) as 
a polystyrene-reduced number average molecular weight, for example. 

•n,e molecular weight distribution (Mw/Mn) of the polysilsesquioxane 
compound (2) is not particularly Umited. The molecular weight distribution is usually 
l.O to 3.0, and preferably 1.1 to 2.0. 
15 [0072] A mixture of the resulting polysilsesquioxane compound (2) and a vinyl 

compound shown by the formula (3): CH.-C(R^>R' (wherein ^d r' have the same 
meanings as defined above) (hereinafter referred to as "vinyl compound (3)") is caused 
,0 undergo living radical polymerization by applying ionizing radiation or heat to the 
mixture to obtain a polysilsesquioxane graft polymer including the repeating unit shown 

20 by the formula (1). 

[0073] As examples of the ionizing radiation, ultraviolet rays, electron beams, 
and the like can be given. In particular, ultraviolet rays are preferable. As the 
ultraviolet source, a supervoltage mercury lamp, high-voltage mercury lamp, 
low-voltage mercury lamp, carbon arc, black light lamp, metal haUde lamp, or the like 

25 may be used. 

The reaction temperature is not particularly limited. The reaction temperature 
is u^ly in the range from 0°C to the boiling point of the solvent used, and preferably 
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20 to 100°C. 

The heating temperature is usually 110 to 190°C, and preferably 120 to 180»C. 

[0074] The vinyl compound (3) is not particularly limited insofar as the 
compound includes a radically polymerizable vinyl group (double bond). As examples 
of the vinyl compound (3), an acrylic compound in which in the formula (3) is an 
alkoxycarbonyl group; an aromatic vinyl compound in which in the formula (3) is an 
aryl group which may have a substituent; a vinyl nitrile compound in which in the 
formula (3) is a cyano group; a vinyl ketone compound in which R^ in the formula (3) is 
an acyl group; a vinyl ether compound in which R^ in the formula (3) is an alkoxy 
group; a vinyl sulfone compound in which R^ in the formula (3) is an alkylsulfonyl 
group or an arylsulfonyl group; a vinyl ester compound in which R^ in the formula (3) is 
an acetoxy group; and the like can be given. 

[0075] The acrylic compound is not particularly limited insofar as the compound 

includes a (meth)acryloyl group in the molecule. 

As specific examples of the acrylic compound, monofunctional (meth)acrylate 
compounds such as methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl 
(meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl 
(meth)acrylate, t-butyl (meth)acrylate, n-pentyl (meth)acrylate, n-hexyl (meth)acrylate. 
2-ethylhexyl (meth)acrylate, octyl (meth)acrylate, nonyl (meth)acrylate, decyl 
(meth)acrylate, undecyl (meth)acrylate, dodecyl (meth)acrylate, methoxymethyl 
(meth)acrylate, methoxy ethylene glycol (meth)acrylate, methoxy polyethylene glycol 
(meth)acrylate, nonylphenoxyethyl (meth)acrylate, 3-chloro-2-hydroxypropyl 
(meth)acrylate, phenoxyethyl (meth)acrylate, phenoxy polyethylene glycol 
(meth)acrylate. butoxy polyethylene glycol (meth)acrylate, cyclohexyl (meth)acrylate, 
tetrahydrofiarfuryl (meth)acrylate, isobomyl (meth)acrylate, benzyl (meth)acrylate, 
2-hydroxyethyl (meth)acrylate, 2-(meth)acryloyloxyethyl-2-hydroxyethylphthalic acid, 
glycerol mono(meth)acrylate. 2-hydroxybutyl (meth)acrylate, polypropylene glycol 
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(meth)acrylate, polyethylene glycol mono(meth)acrylate, poly-s-caprolactone 
mono(meth)acrylate. dialkylaxninoethyl (meth)acrylate, glycidyl (meth)acrylate. 
mono[(meth)acryloyloxyethyl]acid phosphate, trifluoroethyl (meth)acrylate, 
2^,3.3-tetrafluoropropyl (meth)acrylate, 2,2,3,4,4,4-hexafluorobutyl (meth)acrylate, 
perfluorooctylethyl (meth)acrylate, dicyclopentenyloxyalkyl (meth)acrylate, 
tricyclodecanyloxyethyl (meth)acrylate, isobomyloxyethyl (meth)acrylate, morpholine 
(meth)acrylate, N,N'-dimethylacrylimide, and N,N'-dimethylacrylamide; 
[0076] bifunctional (meth)acrylate compounds such as di(meth)acrylate of 
2>dimethylO-hydroxypropyl-2,2-dimethyl-3-hydroxypropionate, ethylene glycol 

di(meth)acrylate, tetraethylene glycol di(meth)acrylate, polyethylene glycol 
di(meth)acrylate, propylene glycol di(meth)acrylate, polypropylene glycol 
di(meth)acrylate. 1,4-butanediol di(meth)acrylate, 1.6-hexanediol di(meth)acrylate, 
glycerol di(meth)acrylate, neopentyl glycol di(meth)acrylate. di(meth)acrylate of an 
ethylene oxide addition product of bisphenol A, di(meth)acrylate of a propylene oxide 
addition product of bisphenol A, di(meth)acrylate of 
2,2'-di(hydroxypropoxyphenyl)propane, di(meth)acrylate of 

2,2'-di(hydroxyethoxyphenyl)propane, di(meth)acrylate of tricyclodecane dimethylol, 
dicyclopentadiene di(meth)acrylate, pentane di(meth)acrylate, tricyclodecanedimethanol 
di(meth)acrylate, (meth)acryUc acid addition product of 
2,2'-di(glycidyloxyphenyl)propane, 
2-hydroxy-l-(meth)acryloxy-3-(meth)acryloxypropane; 

[0077] polyfunctional (meth)acrylate compounds such as trimethylolpropane triacrylate, 
trimethylolpropane tri(oxyethyl) (meth)acrylate, pentaerythritol tri(meth)acrylate, 
pentaerythritol tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, 
5 tetramethylolmethane tri(meth)acrylate, tetramethylolmethane tetra(meth)acrylate, 
tris(acryloxy)isocyanurate, tri(meth)acrylate of tris(2-hydroxyethyl)isocyanurate, and 
tri(meth)acrylate of tris(hydroxypropyl)isocyanurate; and the like can be given. 
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[0078] AS examples of the aroma,ic vinyl compound, styrene. a-meftylsWrene, 
«.svene. 4-me*oxys,yrcne. 4..-bu.oxys.yre„e. J-ehlorostyrene, and the l*e can 

be given. , . a 

AS examples of the vinyl nitrile compound, acrylonitrile. methacrylomh.!.. and 
thelikecanbegiven. Asexamplesof*e vinyUetone compound, vinyl methyl ketone, 
vinyl phenyl ketone, and the like can be given. As examples of the vinyi ethe. 
compound, ethyl vinyl ether, propyl vinyl ether, and the like can be given. As 
examples of the vinyl sulfone compound, vinyl methyl sulfone and the like can be 
given. 

AS examples of the vinyl ester compound, vinyl acetate and the like c» be gtven. 
Of these, it is particularly preferable to use the acrylic compound since a graft polymer 
exhibiting excellent heat resistance and cohesive force can be efficiently obtamed. 

[0079] In the present inv«.tion. the vinyl compound (3) may be used m 
combination of two or more, h, this case, a graft copolymer in which a block 
,5 copolymer of the vinyl compounds (3) is grafted onto the molecular terminal can be 
obtained by adding different vinyl compounds (3) stepwise to tire polymeri^ttron 



solution 



1. 

[0080] The vinyl compound (3) is used in an amount of usually 1 to 1.000 parts 
by weight, and preferably 5 to 200 parts by weight for 1 pa« by weight of the 

20 polysilsesquioxane compound (2). 

[0081] The solvent used is no. particularly limited insofer as the solvent is inert 
to the reaction. As examples of the solvent. aK,matic hydrocarbons such as benzene, 
toluene, and xylene; aUphatic hydrocarbons such as n-pentane. n-hexane, „-heptane. and 
n-octane; alicyolic hydrocarbons such as cyc.open.ane. cyclohexane. cycloheptane. and 
^ cyclooctane; ethers such as diethyl etiter. diisopropy. ether. 1 .2.dime*oxyethane. 
dibutyl ether, tetrahydroftnan (THF). dioxane. anisole. phenyl ethyl ether, and diphenyl 
ether, ha.ogena.ed hydrocarbons such as chloroform, carbon tetrachloride. 
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1,2-dichloroethane, and chlorobenzene; esters such as ethyl acetate, propyl acetate, 
butyl acetate, and methyl propionate; ketones such as acetone, methyl ethyl ketone, 
diethyl ketone, methyl isobutyl ketone, and cyclohexanone; amides such as 
N,N-dimethylformamide, N,N-dimethylacetamide, and N-methylpyrrolidone; nitriles 

5 such as acetonitrile and benzonitrile; sulfoxides such as dimethylsulfoxide and 
sulfolane; and the like can be given. The solvents may be used either individually or 
in combination of two or more. 

[0082] The solvent is used in an amount of usually 0.1 to 1,000 ml, and 
preferably 1 to 100 ml for 1 g of the polysilsesquioxane compound (2). 

10 [0083] The reaction time is usually several minutes to several tens of hours, and 

preferably 15 minutes to several hours, although the reaction time varies depending on 
the scale. 

[0084] When obtaining a graft copolymer in which a block copolymer of two or 
more vinyl compounds (3) is grafted onto the molecular terminal by adding two or more 
15 vinyl compounds (3) stepwise to the polymerization solution, the polymerization 
temperature and the reaction time may be changed depending on the types of vinyl 
compovinds (3). 

[0085] After polymerization, residual monomers and/or the solvent are 
evaporated by a known method. The polymer is then reprecipitated in an appropriate 
20 solvent, and the precipitated polymer is filtered or centrifixged to separate the target 
polymer. 

[0085] As examples of the solvent used for reprecipitation, water; hydrocarbons 
and alicyclic hydrocarbons having 5 to 8 carbon atoms such as n-pentane, n-hexane, 
n-heptane, and cyclohexane; ethers such as diethyl ether and dioxane; alcohols having 1 
25 to 6 carbon atoms such as methanol, ethanol, and isopropanol; and the like can be given. 
Of these, water, diethyl ether, n-hexane, methanol, or a mixed solvent thereof is 
preferable. 
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[0087] A polysilsesquioxane graft polymer inoludirrg the repeating unit shovm 
by the formula (1) can be obtained in this manner. 

[0088] The number average molecular weight of the polysilsesquioxane graft 
polymer is not particularly limited. The number average molecular weigh, of the 
polysilse^iuioxane graft polymer is usually 2.500 to 1.000.000. and preferably 3,000 to 
500.000. 

[0089] According to the production process of the present invention, smce the 
polymerizadon reaction progresses by means of living polymerization, a polymer 
having a narrow molecular weight distribution can be obtained. 
0 The molecular weight distribution (Mw/Mn) of the polysilsesquioxane graft 

polymer is usuaUy 1 .0 to 5.0, and preferably 1 .3 to 2.5. 

[0090] H.e polysilsesquioxane graft polymer has a weight loss rate (WL™) 
measured by thennogravimetric analysis (TOA) when l»ated to 400"C of 30% or less. 

and preferably 25% or less. 

T^c polysilsesquioxane graft polymer exhibits a cohesive force equivalent to or 

greater than that of a known acrylic pressure-sensitive adhesive. 
[0091] 3) Pressure-sensitive adhesive 

A pressure-sensitive adhesive according to the present invention includes the 
polysilsesquioxane graft polymer obtained by the production process according to the 

20 present invention. 

The pressure-sensitive adhesive according to the present invention may be 
p^uc«l by dissolving one or more polysilsesquioxane graft polymers obtained by the 
producdon process according to the present invention in an appropriate solvent. 

[0092] The solvent used is not particularly limited insofar as the 
.5 polysilsesquioxane graft poiymer obtained by the production process according to the 
present invention can be dissolved therein. 

AS examples of the solvent, esters such as ethyl acetate, propyl acetate, butyl 
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acetate, and methyl propionate; ketones such as acetone, methyl ethyl ketone, diethyl 
ketone, methyl isobutyl ketone, and cyclohexanone; amides such as 
N,N-dimethylformamide. N.N-dimethylacetamide, and N-methylpyrrolidone; nitriles 
such as acetonitrile and benzonitrile; sulfoxides such as dimethylsulfoxide and 
5 sulfolane; aromatic hydrocarbons such as benzene, toluene, and xylene; aliphatic 
hydrocarbons such as n-pentane, n-hexane, n-heptane, and n-octane; alicyclic 
hydrocarbons such as cyclopentane. cyclohexane. cycloheptane. and cyclooctane; ethers 
such as diethyl ether, diisopropyl ether, 1 ,2-dimethoxyethane, dibutyl ether, 
tetrahydrofuran, and dioxane; halogenated hydrocarbons such as chloroform, carbon 
10 tetrachloride, 1,2-dichloroethane, and chlorobenzene; and the like can be given. The 
solvents may be used either individually or in combination of two or more. 

[0093] The solvent is used in an arbitrary amount. The solvent is used in an 
amount of usually 1 to 10,000 parts by weight, and preferably 10 to 1,000 parts by 
weight for 100 parts by weight of the polysilsesquioxane graft polymer obtained by the 
1 5 production process according to the present invention. 

[0094] The pressure-sensitive adhesive according to the present invention 
includes the polysilsesquioxane graft polymer obtained by the production process 
according to the present invention as the major component, and may further include 
another pressure-sensitive adhesive, tackifier, antioxidant, ultraviolet ray absorber, light 

20 stabilizer, softener, filler, and the like. 

[0095] Since the pressure-sensitive adhesive according to the present invention 
includes the polysilsesquioxane graft polymer obtained by the production process 
according to the present invention as the major component, the pressure-sensitive 
adhesive exhibits extremely excellent heat resistance and exhibits excellent cohesive 

25 force. 

[0096] 4) Pressure-sensitive adhesive sheet 

A pressure-sensitive adhesive sheet according to the present invention includes a 
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substrate sheet and a pressure-sensitive adhesive layer formed on the substrate sheet and 
including the pressure-sensitive adhesive according to the present invention. 

As examples of the substrate sheet, paper substrates such as glassine paper, 
coated paper, and cast paper; polyester films such as a polyethylene terephthalate film, 
5 polybuthylene terephthalate film, and polyethylene naphthalate film; polyolefin films 
such as a polypropylene film and polyethylene film; a polyvinyl chloride film; a 
polyurethane film; synthetic paper, a cellulose sheet and film, nonwoven fabric, fabric, 
and knitted fabric made of various materials, and the like can be given. An appropriate 
character, pattern, or the like may be printed on the surface of the substrate sheet, if 
10 necesseiry. 

[0097] As the method of forming the pressure-sensitive adhesive layer on the 
substrate sheet, (i) a method of applying the pressure-sensitive adhesive according to the 
present invention to the substrate sheet to a specific thickness and drying the applied 
adhesive at 40 to ISO^'C, (ii) a method of applying the pressure-sensitive adhesive 
15 according to the present invention to a release liner (or a release liner for proceeding) to 
a specific thickness, attaching the substrate sheet to the coated surface, drying the 
applied adhesive at 40 to 150°C, and pealing off the release liner, and the like can be 
given. When using the method (ii), the release liner may be allowed to remain and 
may be removed when using the pressure-sensitive adhesive sheet, if necessary. 
20 [0098] As examples of the release liner, paper substrates such as glassine paper, 

coated paper, and cast paper; polyester films such as a polyethylene terephthalate film, 
polybuthylene terephthalate film, and polyethylene naphthalate film; polyolefin films 
such as a polypropylene film and polyethylene film; and the like can be given. A 
release agent such as a silicone resin may be applied to the surface of the release liner. 
25 [0099] The method of applying the pressure-sensitive adhesive to the substrate 

sheet or the release liner is not particularly limited. A known coating method may be 
used. As examples of the coating method, a reverse coating method, gravure coating 
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„e*od. reverse grawe method, kiss coating method, Wfe coating meflrod, bar coafng 
n^ethod. die coaflng method, curtain coating method, and «.e like can be given. The 
thickness of the pressure-sensitive adhesive layer is usually 5 to 100 pm. and preferably 

10 to 60 [im. 

5 tOlOOl Since the pressure-sensitive adhesive sheet according to the present 

invention includes the pressure-sensitive adhesive layer formed using *e 
pressure-sensitive adhesive according to *e preset invention which exhibits excellent 
hea, resis^ce and cohesive force, the pr^sure-sensitive adhesive sheet exhtbrts 
excell«.t adhesion and cohesive force and maintains adhesion even when used a. htgh 

10 temperature. 



EXAMPLES 

[0101] The present invention is described below in more detail by way of 
examples and comparative examples. Note ti.at the present invention is not limited to 

1 5 the following examples, 

T„e number average molecular weight (Mn) and the molecular weight 
distribution (Mw/Mn) were determin«i as polystyrene-reduced values by measuring the 
resulting polymer by size exclusion chromato^hy (SEC) using tetrahydrofuran 
(THE) as an eluent. 

20 Examples 1 to 9 

(1) Synthesis of ladder-like polysilsesquioxane compound (BzCl-PSQ) 

[0102] 
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(B z C 1 - P SQ) 
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[0103] wherein p represents a positive integer. 

A round bottom (teardrop or eggplant type) flask was charged with 15 ml of a 
toluene/water mixed solution (volume ratio = 2/1). 4.00 g (0.02 mol) of 
phenyltrimethoxysilane, 5.0 g (0.02 mol) of p-chloromethylphenyltrimethoxysilane, and 
0.202 g (5 mol%) of methanesulfonic acid. The mixture was stirred at room 
temperature for 12 hours. After completion of the reaction, an organic layer was 
separated from the reaction solution. Then, a residue obtained by evaporating the 
solvent under reduced pressure was added dropwise to a large quantity of n-hexane. 
■Die precipitated solid was filtered and dried to obtain the target polysilsesquioxane 
compound (BzCl-PSQ) (yield: 93%). 

[0104] The structure of the resulting polymer was identified by measuring the 
'H-NMR spectrum and the IR spectrum. FIGS. 1 and 2 respectively show the 
^H-NMR spectrum (CDCI3) and the IR spectrum (KBr) of the polysilsesquioxane 
compound (BzCl-PSQ). In FIG. 1, the vertical axis indicates the peak intensity, and 
the horizontal axis indicates the chemical shift (ppm). In FIG. 2, the vertical axis 
indicates the peak intensity, and the horizontal axis indicates the wave number (cm *). 
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The number average molecular weigh, (Mn) of .he polysilsesquioxane oompound 
(BzCl-PSQ) was 1,300, and the molecular weight distribution (Mw/Mn) was 1 .25. 
(2) Synthesis of polysilsesquio«ne graft compound (Ini-PSQ) including 
dithiocarbamate group 
5 [0105] 



cHj-a 




'- Na— S— C— N(CHaCH3)a 



THF 




HjC-S— C— N(CH2CH3)2 



HiC— S— C— N(CHaCH3)a 



II 

s 

(In i - P SQ) 



10 



15 



[0106] wherein p represents a positive integer. 

A round bottom (teardrop or eggplant type) flask was charged with 20 ml of 
tetrahydrofuran (THF). 1 g (2.2 mol) of the polysilsesquioxane compound (BzCl-PSQ) 
obtained in (1), 0.49 g (2.2 mol) of sodium diethyldithiocarbamate, and 0.202 g (5 
^oio/o) of methanesulfonic acid. The mixture was stirred at room temperature for s.x 
hours After completion of the reaction, an organic layer was separated from the 
reaction solution. Then, a residue obtdned by evaporating the solvent under reduced 
pressure was added dropwise to a large quantity of n-hexane. The precipitated sohd 
was filtered and dried to obtain the target polysilsesquioxane compound (Inx-PSQ) 
(yield: 90%). 
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[0107] FIGS. 3 and 4 respectively show the 'H-NMR spectrum (CDCI3) and the 
IR spectrum (KBr) of the polysilsesquioxane compound (Ini-PSQ). In FIG. 3, the 
vertical axis indicates the peak intensity, and the horizontal axis indicates the chemical 
shift (ppm). In FIG. 4, the vertical axis indicates the peak intensity, and the horizontal 

axis indicates the wave number (cm''). 

The number average molecular weight (Mn) of the polysilsesquioxane 
compound (Ini-PSQ) was 2,100, and the molecular weight distribution (Mw/Mn) was 
1.3. 

[0108] (3) Production of polymer 

A glass tube was charged vydth the polysilsesquioxane compound (Ini-PSQ) 
obtained in (2) as an initiator, 100 ml of a solvent, and monomers shown in Table 1 in a 
nitrogen atmosphere. The mixture was stirred at room temperature for three hours 
while applying ultraviolet rays using an ultraviolet irradiation device ("RH400" 
manufactured by Riko Kagaku. Sangyo Co., Ltd.). 

After completion of the reaction, the reaction solution was added dropwise to a 
large quantity of n-hexane. The precipitated solid was filtered and dried to obtain 
polymers 1 to 9. Gelation due to coupling was not confirmed. Table 1 shows the 
yield (%), the number average molecular weight (Mn), and the molecular weight 
distribution (Mw/Mn) of the polymers 1 to 9. 

In Table 1, MMA indicates methyl methacrylate. DMA indicates dodecyl 
methacrylate, DMAAm indicates N,N-dimethylacrylamide, and n-BA indicates n-butyl 
acrylate. The number of moles of the initiator indicates the initial number of moles per 
1 g of the initiator. 
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[0110] FIGS. 5 and 6 respectively show the 'H-NMR spectrum (CDCl,) and the 
IR spectrum (KBr) of the polymer 5 obtained in Example 5. In FIO. 5, the vertical 
axis indicates the peal, intensity, and the horizontal axis indicates the chemical shift 
(ppm). In FIG. 6. the vertical axis indicates the peak intensity, and the horizontal axis 
indicates the wave mimber (cm '). 
[0111] Example 10 

A glass tube was charged with 31.8 g of the polymer 4 (copolymer of Ini-PSQ 
and DMA) obtained in Example 4, 100 ml of toluene, and 12.5 g of MMA in a nitrogen 
atmosphere. The mixture was stirred at room temperature for three hours while 

applying ultxaviolet rays. 

After completion of the reaction, the reaction solution was added dropwise to a 
large quantity of n-hexane. The precipitated solid was filtered and dried to obtain a 
polymer 10 (copolymer of Ini-PSQ. DMA, and MMA) (yield-. 70%). Tlte number 
average molecular weight (Mn) of the polymer 10 was 20.000. and the molecular 
weight distribution (Mw/Mn) was 2.60. 

[0112] Comparative Example 1: production of methyl methacrylate-dodecyl 
methacrylate copolymer by radical polymerization 

A glass tube was charged with 0.3 g (1.82 mmol) of AIBN as a radical initiator, 
81.4 g (320 mmol) of dodecyl methacrylate (DMA), 16.0 g (160 mmol) of methyl 
methacrylate (MMA), and 100 ml of ethyl acetate in a nitrogen atmosphere. The 
mixture was stirred at 15°C for 15 hours. 

After completion of the reaction, the reaction solution was added dropwise to a 
large quantity of n-hexane. The precipitated solid was filtered and dried to obtain a 

polymer 11 (yield: 80%). 
5 The number average molecular weight (Mn) of the polymer 11 was 27.000. and 

the molecular weight distribution (Mw/Mn) was 2.70. 

[0113] Examples 11 and 12 and Comparative Example 2: preparation of 
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pressure-sensitive adhesive 

200 ml of ethyl acetate was added to 100 parts by weight (solid content) of the 
polymer obtained in each of Examples 4 and 10 and Comparative Example 1. and the 
mixture was sufficiently stirred to obtain a pressure-sensitive adhesive. 
[0114] Examples 13 and 14 and Comparative Example 3: preparation of 
pressure-sensitive adhesive sheet 

The pressure-sensitive adhesive obtained in each of Examples 11 and 12 and 
Comparative Example 2 was applied to one side of a polyethylene terephthalate film 
(PET fihn) provided with a release treatment using a silicone resin with a thickness of 
38 m so that the thickness of the coating was 20 Mm after drying. The applied 
pressure-sensitive adhesive was heated at 100«C for two minutes to form a 
pressure-sensitive adhesive layer. A PET film with a thickness of 50 was then 
attached to the pressure-sensitive adhesive layer to obtain a pressure-sensitive adhesive 
sheet of each of Examples 13 and 14 and Comparative Example 3. 

15 [0115] Adhesive property test 

The holding power, adhesion, and probe tack of the pressure-sensitive adhesive 
sheet was measured in accordance with JIS Z0237. The measurement results are 
shown in Table 2. 
[0116] Thermal weight loss test 

A thermogravimetric analysis (TGA) measurement was conducted using a 
thermogravimetric analyzer (manufactured by Shimadzu Corporation). In the 
measurement, 10 mg of the polymer was weighed and heated at 10«C/min in an air 
stream (100 mymin). The measurement results are shown in Table 2. In Table 2, 
WL300 indicates the weight loss rate at 300°C. 
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INDUSTRIAL APPLICABILITY 

[0118] The production process according to the present invention allows a 
polysilsesquioxane graft polymer, in which various organic groups are introduced into a 
polysiloxane skeleton (inorganic skeleton), to be efficiently and easily produced by graft 

polymerization using an iniferter. 

The polysilsesquioxane graft polymer obtained according to the present 
invention is useful as a pressure-sensitive adhesive component exhibiting excellent heat 

resistance and cohesive force. 

The novel polysilsesquioxane compound according to the present invention may 
be suitably used as the raw material (iniferter) for the polysilsesquioxane graft polymer 
according to the present invention. 
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